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Description 

METHOD OF DESIGNING A VEHICLE 
CLOSURE ASSEMBLY LINE 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a flexible system for de- 
signing a vehicle closure manufacturing line and more 
particularly to a method of developing a manufacturing 
process that standardizes the use of flexible systems used 
in manufacturing vehicle closures. 

[0003] 2. Background Art 

[0004] Successful automobile manufacturing companies must be 
able to efficiently produce a variety of different vehicles. 
One way manufacturing efficiency can be realized is to 
make more than one vehicle model on a vehicle assembly 
line. Unfortunately, different vehicle models seldom utilize 
the same components or subassemblies. For instance, ve- 
hicle closures, such as doors, hoods, trunk lids, and 



hatchbacks, typically have different shapes and sizes for 
each vehicle model. Moreover, each door on a particular 
vehicle model may have a unique design. 

[0005] Previously, vehicle manufacturing operations employed 
multiple "feeder" process lines to provide the closures 
needed to make a vehicle. Specifically, each vehicle clo- 
sure was made on a dedicated, specialized assembly line 
that lacked the flexibility to make more than one closure 
design. Using specialized assembly lines is expensive and 
inefficient due to the capital investment, labor, and main- 
tenance required to operate each feeder line. 

[0006] Additional inefficiencies are incurred when multiple vehi- 
cle models are produced. Specifically, more specialized 
closure assembly lines are required to provide closures for 
the added vehicle model. Consequently, it is difficult to 
add assembly lines to an existing plant without affecting 
the layout of other assembly lines or increasing plant floor 
space. Moreover, the equipment used to assemble prior 
model closure designs is generally not reused when a new 
closure design is made. As a result, expensive new equip- 
ment and long changeover times are incurred when new 

closure designs are introduced. 
Summary of Invention 



[0007] According to one aspect of the invention, a method of de- 
signing a manufacturing process line for making a vehicle 
closure is provided. A manufacturing process that in- 
cludes a set of discrete steps to be performed on a work- 
piece and a plurality of standardized work cells are identi- 
fied. The standardized work cells have at least one stan- 
dardized workpiece presenter that supports the workpiece 
in a predefined spacial orientation and at least one stan- 
dardized processing tool. A subset of the set of discrete 
steps to be performed at a work cell is selected. The stan- 
dardized work cell is selected for performing the subset of 
steps. The selecting step is repeated for additional sub- 
sets of steps until all of the discrete steps are assigned to 
one of the plurality of work cells. 

[0008] a plurality of manufacturing process lines may be identi- 
fied as templates. The manufacturing process line may be 
completely designed by specifying a plurality of templates 
in a defined sequence. 

[0009] a first work cell may be pedestal welding work cell having 
a robotic arm for picking up and moving workpieces from 
a fixture to a processing tool selected from the group 
consisting essentially of a pedestal welder, a sealer dis- 
pensing unit, and a projection weld gun. A second work 



cell may be a multiple sided trunnion fixture having a plu- 
rality of fixtures rotatable about a horizontal axis and a 
processing tool selected from the group consisting essen- 
tially of a welding robot, and a sealant applicator. A third 
work cell may be a hem clinch station having a fixture and 
a processing tool selected from the group consisting es- 
sentially of a hemming tool, a clinching tool, and a pierc- 
ing tool. 

[0010] The closure may be a vehicle passenger compartment 

door, a vehicle trunk lid, a vehicle hatchback, or a vehicle 
engine compartment hood. 

[001 1] According to another aspect of the invention, a manufac- 
turing process line for making a vehicle closure is pro- 
vided. The manufacturing process line includes a first 
template having a plurality of work cells. The work cells 
include a pedestal welding work cell and a trunnion work 
cell. The plurality of work cells are arranged in a predeter- 
mined sequence such that at least one trunnion work cell 
is disposed between consecutive pedestal welding work 
cells. 

[0012] The manufacturing process line may include three 

pedestal welding work cells and four trunnion work cells. 
The first, third, and sixth work cells may be pedestal 



welding work cells and the second, fourth, fifth, and sev- 
enth work cells may be trunnion work cells. The manufac- 
turing process line may also include a material handling 
robot for transporting parts between the second work cell 
and the third work cell. 

[0013] The manufacturing process line may include a second 
template having a plurality of work cells arranged in a 
predetermined sequence. The second template may in- 
clude a pedestal welding work cell, a trunnion work cell, 
and a hem clinch work cell. The second template may re- 
ceive the workpiece from the first template and perform 
additional operations on the workpiece to complete fabri- 
cation of the closure. 

[0014] The second template may include one pedestal welding 
work cell, one trunnion work cell, and two hem clinch 
work cells. The first cell may be a trunnion work cell. The 
second work cell may be a pedestal welding work cell. The 
third and fourth work cells may be hem clinch work cells. 
The first work cell may be configured with a sealant dis- 
pensing unit as the processing tool. A material handling 
robot may be provided for transporting the workpiece 
from the second work cell to the third work cell and from 
the third work cell to the fourth work cell. 



Brief Description of Drawings 

[0015] Figure 1 is a flowchart of a method of designing a closure 
assembly manufacturing system according to the present 
invention; 

[0016] Figures 2-5 are perspective views of standardized work 
cells that are arranged following templates that are com- 
bined to create a complete closure assembly manufactur- 
ing system; 

[0017] Figure 6 is a flowchart of a vehicle manufacturing system 

made up of templates having standardized work cells; 
[0018] Figure 7 is an exploded view of a vehicle closure; and 

[0019] Figures 8-9 are templates for making a vehicle closure. 
Detailed Description 

[0020] vehicle closures are panel-like assemblies that are mov- 
ably attached to a vehicle body and are configured to 
cover one or more body openings when disposed in a 
closed position. Vehicle closures include doors, hoods, 
trunk lids, hatchbacks, and other components. 

[0021] vehicle closure manufacturing systems are generally con- 
figured as assembly or process lines. The process line 
produces a closure assembly from a plurality of sub- 
assemblies that are generated from various combinations 



of workpieces. The process line is comprised of a plurality 
of standardized work cells or task stations. To enjoy the 
greatest benefit from the present invention, the number of 
different task stations is limited. 

[0022] Each task station in a given process line has a workpiece 
presenter and a processing tool. The workpiece presenter 
may include a selectively moveable platform. A fixture 
plate may be precisely located on the platform to position 
workpieces in a repeatable manner. 

[0023] The process can in some instances position two separate 
workpieces and weld them together using a welding 
robot. In other configurations, a fixture holds just one 
workpiece for welding or other various metal working op- 
erations. For example, these operations can include spot 
welding or weld finishing operations. In still other opera- 
tions, a fixture or a robot positions a workpiece or sub- 
assembly for sealant or adhesive application operations. 

[0024] a set of work cells are defined and combined in what is 

referred to as a template. A combination of at least two or 
more templates are organized in a predetermined manner 
to form a process line on which the complete closure as- 
sembly is fabricated. 

[0025] Referring to Figure 1, a manufacturing engineering design 



process for designing a process line is illustrated by a 
flowchart. According to the process, the first step is iden- 
tifying, at 12, discrete process steps that are to be per- 
formed in a manufacturing process line. Next, at 14, a set 
of standardized work cells are identified including a work- 
piece presenter and a processing tool. At 16, the step of 
selecting a subset of the discrete processing steps is per- 
formed. Then selecting, at 18, one of the standardized 
work cells to perform the subset of steps. At 20, a deci- 
sion is made as to whether or not the manufacturing pro- 
cess is complete. If all of the steps have not been per- 
formed, the method returns to the selecting step at 16. 
This may be continued until the entire manufacturing pro- 
cess design is completed. 
[0026] a flexible manufacturing system according to the present 
invention preferably utilizes three standardized flexible 
work cells. 

[0027] Referring to Figure 2, work cell one is shown. Work cell 

one is a geometry setting work cell or trunnion station 30 
that includes a trunnion fixture 32. Tooling plates 34 may 
be mounted on each side of the trunnion fixture 32. In the 
embodiment shown, the trunnion fixture is three-sided. 
Alternatively, a two-sided trunnion fixture may be em- 



ployed. The two-sided trunnion fixture can accept a stan- 
dard tooling plate that may have a larger size than the 
tooling plates employed with the three-sided trunnion 
fixture 32. The trunnion fixture 32 rotates about a hori- 
zontal axis so as to present workpieces to a robot 36. Op- 
tionally, two robots 36, 38 may be employed in work cell 
one, as shown in Figure 3. The robots 36, 38 may be used 
to perform any suitable operation, such as a welding or 
sealing operation. In addition, a first robot can be used to 
move a workpiece and a second robot can be used to per- 
form an operation on the workpiece. The robots 36, 38 
may be completely robotic or otherwise. 
[0028] Referring to Figure 4, work cell two is shown. Work cell 
two is a pedestal welding work cell 40 having a pedestal 
welder 42 and a robot 44 for positioning a workpiece. In 
the embodiment shown, the pedestal welder 42 includes a 
welding element 46 of any suitable type or configuration. 
Alternatively, the welder 42 could be replaced with an ad- 
hesive dispenser or a sealer dispenser (not shown). The 
robot 44 has an end effector 48 comprising a gripper for 
grasping a workpiece or subassembly. The robot 44 posi- 
tions the workpiece adjacent to the welding element 46 to 
execute one or more welds. For example, the robot 44 



may reposition the workpiece relative to the welding ele- 
ment 46 to execute a plurality of welds. 

[0029] Referring to Figure 5, work cell three is shown. Work cell 
three is a hem clinch or pierce work cell 50 which may in- 
clude either a conventional hemmer or a clincher or a 
pierce tool. To improve process flexibility, the hemmers 
can be equipped with different dies that are configured to 
hem door assemblies having different geometries. For ex- 
ample, one hemmer equipped with automated die 
changeover equipment can be employed to facilitate the 
hemming of different door assemblies. Optionally, multi- 
ple hemmers may be used, in which case each hemmer 
could be equipped with different dies corresponding to 
the hemming requirements and configuration of a partic- 
ular closure. A robotic material handler (not shown) may 
be used with this work cell to insert and/or remove pro- 
cessed workpieces or subassemblies. 

[0030] The flexible closure assembly manufacturing system may 
also include standardized transfer work cells to move 
workpieces and subassemblies between various templates 
and operational work cells. 

[0031] The process line can be made flexible in different ways. 
Different subassemblies or closures, such as front and 



rear passenger compartment doors, may be manufactured 
on the same process line. These workpieces may be made 
in any sequence. For example, different closure sub- 
assemblies can be manufactured simultaneously due to 
the presence of workpiece presenters having tooling 
plates compatible with each type of subassembly. In rare 
instances, where the process line is dedicated to one type 
of closure, the entire process line can be quickly retooled 
by changing the appropriate tooling plates, reprogram- 
ming the robotic operators, and changing hemming dies. 
However, in most instances, flexibility is chiefly accom- 
plished by having workpiece presenters with tooling 
plates for all types of subassemblies desired. A process 
line or work cell may be designed to accommodate any 
suitable number of tooling plates. For example, in one 
embodiment each trunnion may accommodate up to three 
tooling plates. 

[0032] Referring to Figure 6, an example of a flexible process line 
is shown. Specifically, the process line 60 is for assem- 
bling the body of a car. Similar process lines may be cre- 
ated for other types of vehicles, such as trucks. 

[0033] The process line 60 is made up of a number of subassem- 
bly process lines or templates, represented by rectangular 



boxes. Three templates 62, 64, 66 related to making a 
passenger compartment door will be discussed in greater 
detail below. The arrowed lines connecting the templates 
represent the process flow of components or workpieces. 

[0034] a set of templates utilized to make a vehicle closure will 
now be described. In one embodiment, the closure is a 
passenger compartment door in which components are 
joined together primarily by welding or riveting. However, 
the present invention can be used with any type of closure 
or joining technique and is not limited to a vehicle door. 
In each template the flow of material between work cells is 
represented by arrowed lines. Optionally, each template 
may employ one or more decoupling stations to provide a 
buffer between work cells to improve material flow. 

[0035] Referring to Figure 7, an exploded view of a vehicle door 
assembly 70 is shown. The vehicle door assembly 70 in- 
cludes an inner panel 72, latch reinforcement 74, inner 
belt 76, glass channel 78, tapping plates 80, outer belt 
82, anti-flutter beam 84, intrusion beam 86, and outer 
panel 88. 

[0036] Referring again to Figure 6, the door assembly 70 is man- 
ufactured using an inner door panel template 62, an outer 
door panel template 64, and a main door panel template 



66. More specifically, an inner door panel subassembly 
and an outer door panel subassembly are provided by the 
inner and outer door panel templates 62, 64, respectively. 
The inner and outer door panel subassemblies are assem- 
bled into the door assembly 70 by the main door panel 
template 66. 

[0037] Referring to Figure 8, the inner door panel template 62 is 
shown in more detail. The inner door panel template 62 
includes seven work stations 90, 92, 94, 96, 98, 100, 102. 
More specifically, the inner door template 62 includes two 
trunnion stations (work cell 1, denoted "1") and four 
pedestal welding work cells (work cell 2, denoted "2"). 
This template could also be used to make another type of 
closure, such as a complete trunk lid or hood. 

[0038] At 90, the inner panel 72, latch reinforcement 74, and in- 
ner belt 76 are loaded onto the three-sided trunnion fix- 
ture 32. The fixture positions these components for at- 
tachment at a specific positions. The robot executes mul- 
tiple welds to attach the latch reinforcement 74 and inner 
belt 76 to the inner panel 72. 

[0039] At 92, spot welds are performed to better secure the latch 
reinforcement 74 and inner belt 76 to the inner panel 72. 
A material handling robot (denoted "robot pass") may be 



used to transport the inner panel subassembly to the next 
work cell. 

[0040] At 94, the glass channel 78 and two tapping plates 80 are 
loaded onto the three-sided trunnion fixture. Next, a 
robot executes multiple geometry setting welds to attach 
the glass channel 78 and tapping plates 80 to the inner 
panel subassembly. 

[0041] At 96 and 98, additional welds are performed to better 
secure the glass channel 78 and tapping plates 80 to the 
inner panel subassembly. 

[0042] At 100, the outer belt 82, anti-flutter beam 84, and intru- 
sion beam 86 are loaded onto the three-sided trunnion 
fixture. Next, a robot executes multiple geometry-setting 
welds to attach the outer belt 82, anti-flutter beam 84, 
and intrusion beam 86 to the inner panel subassembly. 

[0043] At 102, additional welds are performed to better secure 
the outer belt 82, anti-flutter beam 84, and intrusion 
beam 86 to the inner panel subassembly. 

[0044] Referring to Figure 9, the main door panel template 66 is 
shown. The main door template 66 includes four work 
stations 104, 106, 108, 110. More specifically, the main 
door panel template 66 includes one trunnion station 
(work cell 1, denoted "1"), one sealant dispensing work 



cell (work cell 2, denoted "2"), and two hem clinch stations 
(work cell 3, denoted "3"). 

[0045] At 104, the outer panel 88 may be grasped by a robot and 
moved to a sealant dispenser. The sealant dispenser then 
dispenses drops or a bead of a sealer, such as mastic, 
along an inside surface of outer panel 88 configured to 
contact the inner panel subassembly. 

[0046] At 106, the inner panel subassembly is mated to the outer 
panel 88 to create an unfinished door assembly. More 
specifically, the inner panel may be placed on the outer 
panel or vice versa. The inner panel subassembly may be 
transferred to the main door assembly line 66 using a 
material handling robot. A material handling robot may be 
used to transport the door assembly to the next work cell. 

[0047] At 108, the perimeter of the door assembly is hemmed. 
More specifically, the outside perimeter of the outer door 
88 is hemmed to the inner door 72 to provide structural 
rigidity. A material handling robot may be used to trans- 
port the door assembly to the next work cell. 

[0048] At 110, the inner window opening edges of the door panel 
assembly are hemmed. Optionally, a single hemming work 
cell could be employed to perform all hemming opera- 
tions. 



[0049] After 110, the door panel assembly may be unloaded and 
undergo subsequent operations, such as inspection and/ 
or sealant curing, before being transferred to a closure 
hanging operation as shown in Figure 6. 

[0050] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



